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INTRODUCTION:  Sacral  tumor  often  involves  en bloc surgical  resection  with  tumor-free  margins  and  func-
tional  reconstruction  challenges.  Such  a management  is challenging  because  of difﬁculties  in  accessing  the
lesion, risks  for damages  of neighboring  organs,  and  risks  for massive  blood  loss.  In  posterior  approach,
because  ﬁrst  elevation  of the sacrum  allows  dissection  of  presacral  structures,  such  risks  for  damages
intrapelvic  structures  and  hemorrhage  are  especially  high.
PRESENTATION  OF  CASE:  We  report  here  about  a  laparoscopic  assisted  posterior  resection  of  a ilio-sacral
chondrosarcoma  in  a women,  6  weeks  after  vaginal  delivery.  Primary  laparoscopic  approach  consisted  in
dissection  of  the  ureter  and  of  the  colon  with  control  to  the  pelvic  vessels  and  nerves  and determination
of  limits  of  the resection.  The  iliac  osteotomy  was  performed  from  posterior  approach  with  saw  and
osteotomes  at the predetermined  extralesional  level.  The  defect  was  replaced  with  a  structural  fresh
frozen  femoral  allograft  and  stabilization  performed  by  lumbo-ischial  screw/rod  ﬁxation.
DISCUSSION:  Surgical  time  was  about  360  min.  No  intra-postoperative  complications  occurred.  Blood  loss
was estimated  to about  1000  cm3. Histologic  examination  of  the  specimen  showed  tumor-free  margins.
At  8 months  follow-up,  the  patient  appears  to be  without  recurrence.  Because  of  the  denervation  of  the
nerve root  L5  and  below,  she  mostly  uses  two  canes,  but she  has  a functioning  quadriceps.  Continence
and  voiding  functions  for urine  and  stool  have  fully  recovered.
CONCLUSION:  Primary  laparoscopic  approach  appeared  to be  a good  way  for preparation  orthopedics
sacroiliac  resection  to reduce  postoperative  morbidity,  intraoperative  blood  loss and  better  assure  macro-
scopic  tumor-free  margins.
©  2014  The  Authors.  Published  by Elsevier  Ltd.  on behalf  of  Surgical  Associates  Ltd.  This  is  an  open
he  CCaccess  article  under  t
. Introduction
Primary therapy for sacral tumor often involves surgical
esection and functional reconstruction challenges. Such a manage-
ent is challenging because of difﬁculties in accessing the lesion,
isks for damages of neighboring organs, and risks for massive blood
oss due to an extensive vascularity. Preoperative angiography
hould be performed to characterize the vascular anatomy.1 Preop-
rative tumor embolization has been proposed, exposed however
he patients for ischemic neuropathy that can result in motor and
ensory deﬁcits in the pelvis and lower extremities.2 We  present a
ew surgical concept for management of ilio-sacral tumors based
n a combined anterior laparoscopic approach and posterior open
esection of the tumor.
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2. Presentation of case
A 33-year-old woman, 6 weeks after vaginal delivery, com-
plained of lumbosacral dysesthesia, which led her gynecologist
to have a lumbo-pelvic CT performed. This revealed an intensive
vascularized mass of the sacrum reaching from the foramina L5
to S3, crossing the sacro-iliac joint and extending into the iliac
bone. MRI  and angiography were suggestive of a chondromatous
process (Figs. 1 and 2). CT guided biopsies conﬁrmed a cartilagi-
nous process, which in synopsis with the images was graded as GI
chondrosarcoma. Neuropelveological assessment diagnosed a S2-4
radiculopathy right with vulvodynia, coccygodynia, low back pain
and bladder hypersensitivity, and a L5-S2 irritative sciatica without
signs for neurogenic damages. Urodynamic testing showed bladder
hypersensitivity with postvoid residual urine at 60 mL.  Orthopedic
examination was unremarkable with normal gait.As there is no effective adjuvant treatment for low grade chon-
dromatous lesions, the patient after extensive repeated discussion
opted for resection of the tumor and reconstruction realizing that
mutilation was unavoidable due to the involvement of sacral nerve
ssociates Ltd. This is an open access article under the CC BY-NC-ND license
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Fig. 3. Passage of the Gigli saw through the foramen L5–S1 (U: ureter; AIE: arteria
iliaca externa).
of the suprapiriform level of the great sciatic foramen, separatedig. 1. Imaging shows the osteo-chondromatous lesion involving the sacrum and
he  sacro-iliac joint reaching from the neuroforamina L5 down to S4.
oots. Massive pelvic congestion due to postpartum situation was
onsidered as an additional risk factor for hemorrhage. The patient
igned informed consent forms for the procedure and authorization
or communication as a case report (Figs. 3–5).
For the procedure, the patient was placed in unstable lateral
ecubitus to allow free access anteriorly for laparoscopy as well
s the back by rotating the patient without need for new sterile
reparation. For the laparoscopy, one 10 mm trocar was  placed in
he navel to introduce a 10 mm/0◦ HDTV optic and three further
 mm-trocars were placed in the lower abdomen. For identiﬁcation
f the different sacral nerves roots (SNR), intraoperative electri-
al stimulation using a laparoscopic probe with a current ﬁxed by
50 s/35 Hz/4 V was applied to the nerves.3
The procedure was started with the full exposure of the os
acrum and the right pelvic sidewall by dissection of the right
ararectal space. The medial sacral vessels were coagulated. After
ransection of the sacral hypogastric fascia, the medial and caudal
imits of the tumor and as well as the SNR were identiﬁed. While
he SNR L#5, S#1 and S#2 were attached on the tumor, the SNR S#3
nd S#4 did not show any contact with the tumor and were exposed
n order to avoid their damages during the rest of the procedure.
ig. 2. Dissection of the right pararectal fossa (a) with exposure the medial limits
f  the tumor.Fig. 4. Gigli saw passed through the foraminas L5–S1 and S1–S3 for transection of
the sacrum medial to the tumor.
The next step consisted in the full exposure of the pelvic ureter fol-
lowed by the coagulation/transection of the internal iliac and the
lateral sacral vessels. All cardinal vessels below the tumor were
also transected including the pudendal and inferior gluteal vessels.
The sciatic nerves were identiﬁed just before its entry through the
great sciatic foramen. To reduce risk for bleeding during the gluteal
dissection, the superior gluteal vessels were dissected at the levelfrom the superior gluteal nerve, and coagulated selectively. After
dissection of the right femoral nerve, the major psoas muscle was
transected twice proximally and distally to the tumor to permit en
Fig. 5. End situ – defect replaced with a structural fresh frozen femoral allograft and
stabilization performed by lumbo-ischial screw/rod ﬁxation.
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loc resection. Also the nerves roots L5, S1 and S2 were kept in con-
act to the tumor. After complete anterior exposure of the tumor,
wo Gigli saws were passed from anterior to posterior by passing
ith laparoscopic forceps through the foraminas L5–S1 and S1–S3
or transection of the sacrum medial to the tumor. The transection
f the sacrum was performed under endoscopic vision to control
ventual bleeding. The entire laparoscopic part of the procedure
as based on the principle of “non-touching en-bloc resection of
he tumor”.
For posterior resection of the ilium, the incision for the open
osterior approach included the exit points of the 2 inserted Gigli
aw as extended cranially for the later insertion of the pedicle
crews and caudally below the sciatic notch for the iliac osteotomy
n analogy to a Juder approach. A soft tissue margin was  left on
he specimen to be resected. The iliac osteotomy was  performed
ith saw and osteotomes at the predetermined extralesional level.
he defect was replaced with a structural fresh frozen femoral
llograft and stabilization performed by lumbo-ischial screw/rod
xation.
Laparoscopic control excluded any residual bleeding and per-
it  closure of the peritoneum after introduction of a Robinson
rainage. To avoid risk for postoperative bladder overdilatation, a
uprapubic catheter was  placed inside the urinary bladder.
Surgical time was about 360 min. No intra- or postoperative
omplications occurred. Blood loss was estimated to <1000 cm3;
he patient received a total of 2 Units Erythrocytes. Bowel motion
ecovered at 4th postoperative day, urinary function after three
onths. Rehabilitation was started four weeks after the procedure.
istologic examination of the specimen showed an osteochon-
rosarcoma with tumor-free margins. At 17 months follow-up, the
atient appears to be without recurrence. Because of the denerva-
ion of the nerve root L5 and below, she mostly uses two canes, but
he has a functioning quadriceps. Continence and voiding functions
or urine and stool have fully recovered.
. Discussion
Operative treatment of tumors in the sacroiliac area is among
he most challenging musculoskeletal tumor surgeries. Because
lmost all the deaths from chondromas result from local recurrence,
reater effort to obtain adequate surgical excision has been made
ver the last decades. Most common surgical approach used are the
osterior, posterolateral, anterior and posterior, anterior and lateral
ombined approach.4,5 In tumor of the sacrum, exposition is mostly
btained by a posterior midline incision; lateral osteotomies are
sually performed through the sacral foramina using a threadwire
aw and Kerrison rongeurs. Although various reports analyzed “en-
loc” excision of sacral tumors, there are still technical problems
o improve protection of nerve roots and pelvic organs and reduce
ntraoperative bleeding. In posterior approach, because ﬁrst eleva-
ion of the sacrum allows dissection of presacral structures, risk
or damages intrapelvic structures is high. Wound infections, neu-
ologic deﬁcits, pelvic instability, and cerebrospinal ﬂuid leakage
re the main complications of sacrectomy.6,7 Extensive hemor-
hage is the most serious complication since it may  threaten the
ife of the patient and jeopardize the outcome of surgery. Angelini
eported about sacral resection with a mean blood loss by 2961 mL
1000–8000 mL).8 In a further retrospective study on 173 patients,
9.88% of the patients had blood loss greater than 3000 mL.9 In
ne study of nine patients with total sacrectomies,10 the blood loss
anged between 4.5 and 17 L (mean, 6.3 L). In another report11 three
acral tumor resections were performed with blood losses of 9250,
500, and 9600 mL.  In one larger-scale study of 29 patients who
nderwent partial or total sacrectomies12 the median blood loss
as 3.9 L and the maximum blood loss was 37 L.PEN  ACCESS
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It is obvious that primary control on blood supply of the sacrum
and parameters may reduce intraoperative blood loss. The results
of several studies suggest preoperative arterial embolization and
aortic balloon occlusion,13,14 but indications remain uncertain.
Because of numerous pelvic anastomoses, single closure of the
internal iliac artery does not protect from hemorrhage. We  opted
for a primary closure of all parametric vessels including the
internal iliac artery, the gluteal and the sacral vessels by laparo-
scopic before starting with bone resection, that vascular control
do not present major difﬁculties for pelvic surgeons trained in
laparoscopic retroperitoneal surgery. In our patient, this ﬁrst step
decrease considerably blood loss despite the massive postgravid
pelvic varicosis.
Laparoscopic dissection of the pelvic organs not only had pro-
tect the patient from visceral lesions, but had also permitted in
same time to exclude abdominal metastases, and to resect the
bones according to the limits of the tumor with in turn macro-
scopic tumor-free margins. The introduction of the Gigly saw
through the different sacral foramens had also contributed to a
tumor-adapted and precise transaction of the bone under laparo-
scopic control. High amputation of the sacrum inevitably results
in damages of the sacral nerve roots, the pudendal nerve and
the coccygeal plexus.15 However, it is well-known that simulta-
neous abdominosacral resection circumvents many of problems for
such advanced procedures since it provides good exposure of the
intra-abdominal structures, and avoids damage to the sacral nerve
roots.16 Similarly, laparoscopic approach had permitted an optimal
exploration of the entire lumbosacral plexus before resection: the
nerve roots L5, S1 and S2 were resected en bloc with the tumor,
while the roots S3 and S4 (bladder functions) below the tumor,
as well as the femoral nerve (extension and stabilization of the
knee during locomotion) above the tumor, were respected for a
maximum reduction of postoperative functional morbidity.
4. Conclusion
The neuropelveology is a new ﬁeld of medicine that deals with
pathologies of the pelvic nerves. Neuropelveologists are trained
in laparoscopic neurosurgery to the pelvic nerves.17,18 In the
presented patient, because of particular high risk for intraopera-
tive hemorrhage few weeks after delivery, primary laparoscopic
approach appeared to be a good way  for a optimal preparation of
orthopedics sacroiliac resection with macroscopic tumor-free mar-
gin, by a maximal reduction of risks for intraoperative hemorrhage
and pelvic organs damages.
Conﬂict of interest
No conﬂict of interest.
Funding
No sources of funding.
Ethical approval
We report about a single case that do not require ethical
approval. The manuscript is not a clinical study.
Author contributionMarc Possover did the project development, data collection
and management, data analysis, manuscript writing/editing and
surgery.
CASE  REPORT  –  O
384 M.  Possover et al. / International Journal of Su
Key learning point
R
1
1
1
1
1
1
1
O
T
p
c• Reduction of morbidity during surgery for iliosacral tumors.
eferences
1. Rossi G, Mavrogenis AF, Rimondi E, Ciccarese F, Tranfaglia C, Angelelli B, et al.
Selective arterial embolisation for bone tumours: experience of 454 cases. Radiol
Med  2001;116(5):793–808.
2. Donati D, Frisoni T, Dozza B, DeGroot H, Albisinni U, Giannini S. Advance
in  the treatment of aneurysmal bone cyst of the sacrum. Skeletal Radiol
2011;40(11):1461–6.
3. Possover M,  Chiantera V, Baekerlandt J. Anatomy of the sacral roots and the
pelvic splanchnic nerves in women  using the LANN technique. Surg Laparosc
Endosc Percutan Tech 2007;17:508–10.
4. Osaka S, Toriyama S. Surgical treatment of bone and soft tissue tumors in the
sacroiliac area—low- and high-grade neoplasms. Gan To Kagaku Ryoho 1988;15(4
(Pt  2–3)):1528–34.5. Varga PP, Bors I, Lazari A. Sacral tumors and management. In: Donthineni Oﬂu-
oglu O, editor. Spinal oncology, orthopedic clinics of North America. 2009. p.
105–23.
6. Raque Jr GH, Vitaz TW,  Shields CB. Treatment of neoplastic diseases of the
sacrum. J Surg Oncol 2001;76:301–7.
1
1
pen Access
his article is published Open Access at sciencedirect.com. It is distrib
ermits unrestricted non commercial use, distribution, and reproduct
redited.PEN  ACCESS
rgery Case Reports 5 (2014) 381–384
7. Sar C, Eralp L. Surgical treatment of primary tumors of the sacrum. Arch Orthop
Trauma Surg 2002;122:148–55.
8. Angelini A, Ruggieri P. A new surgical technique (modiﬁed Osaka technique) of
sacral resection by posterior approach only: description and preliminary results.
Spine 2013;38(3):185–92.
9. Xiaodong T, Wei  G, Rongli Y, Shun T, Tao J. Risk factors for blood loss during
sacral tumor resection. Clin Orthop Relat Res 2009;467(6):1599–604.
0. Wuisman P, Lieshout O, Sugihara S, van Dijk M.  Total sacrectomy and recon-
struction. Clin Orthop Relat Res 2000;381:192–203.
1. Doita M,  Harada T, Iguchi T, Sumi M,  Sha H, Yoshiya S, et al. Total sacrectomy
and reconstruction for sacral tumors. Spine 2003;28:E296–301.
2. Fourney DR, Rhines LD, Hentschel SJ, Skibber JM,  Wolinsky JP, Weber KL, et al.
En bloc resection of primary sacral tumors: classiﬁcation of surgical approaches
and  outcome. J Neurosurg Spine 2005;3:111–22.
3. De Cristofaro R, Biagini R, Boriani S, Ricci S, Ruggieri P, Rossi G, et al. Selective
arterial embolization in the treatment of aneurismal bone cyst and angioma of
bone. Skeletal Radiol 1992;21:523–7.
4. Zhang L, Gong Q, Xiao H, Tu C, Liu J. Control of blood loss during sacral surgery
by  aortic balloon occlusion. Anesth Analg 2007;105:700–3.
5. Gennari L, Azzarelli A, Quagliuolo V. A posterior approach for excision of sacral
chordoma. J Bone Joint Surg 1987;69:565–8.
6. Huth JF, Dawson EG, Eilber FR. Abdominosacral resection for malignant tumors
of  the sacrum. Am J Surg 1984;148(1):157–61.
7. Possover M, Kostov P. Laparoscopic management of sacral nerve root schwan-
noma with intractable vulvococcygodynia: report of three cases and review of
literature. J Minim Invasive Gynecol 2013;12:1550–3.
8. Possover M,  Schneider T, Henle KP. Laparoscopic therapy for endometriosis and
vascular entrapment of sacral plexus. Fertil Steril 2011;95(2):756–8.uted under the IJSCR Supplemental terms and conditions, which
ion in any medium, provided the original authors and source are
